A novel acid-tolerant and alkalitolerant gammaproteobacterium designated strain RS22
, was isolated and subjected to a polyphasic taxonomic characterization. Isolation and culture were done in R2A broth at pH 6.8. The results obtained from the phenotypic, genotypic, chemotaxonomic and phylogenetic analyses indicate that strain RS22 T represents a novel species of the genus Rhodanobacter.
Isolation and preservation of strain RS22
T was done as described previously [7] . Genomic DNA was extracted from strain RS22
T according to methods presented by Wilson [8] . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R [9] , and the amplified gene was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing Kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly full-length 16S rRNA gene sequence (1479 bp) was obtained, and the closest phylogenetic neighbours were identified using the EzTaxon-e database [10] . After generating a multiple sequence alignment using CLUSTAL X 2.1 [11] and analysing the sequence data with the software package BioEdit [12] , a phylogenetic analysis was performed using MEGA6 [13] . Evolutionary distances were calculated using the Kimura two-parameter model [14] . Phylogenetic trees were reconstructed by the neighbour-joining [15] , maximum-parsimony [16] and maximum-likelihood [17] methods. Bootstrap values were calculated based on 1000 replications [18] . Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that strain RS22 , were purchased from the Korean Agriculture Culture Collection (KACC) and were used as reference strains for biochemical tests, analysis of fatty acids and ubiquinones, and DNA-DNA hybridization.
The morphologies of cells (Fig. S1 , available in the online Supplementary Material) grown on triptone soya agar (TSA) for 3-4 days at 28 C were assessed by light microscopy (BX50 microscope; Olympus) and transmission electron microscopy (Bio-TEM, H-7650; Hitachi). Colony morphology was observed on TSA after incubation at 28 C for 4 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was observed in R2A medium containing 0.4 % agar as described by Tittsler and Sandholzer [19] . Gram staining was performed according to the procedure described by Doetsch [20] . Oxidase activity was tested using 1 % (w/v) tetra-methyl-p-phenylenediamine dihydrochloride and catalase activity was tested using 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Flexirubin-type pigments were examined with 20 % (w/v) KOH solution [21] . Growth was assessed on various media, including R2A agar (MB cell; KisanBio), nutrient agar (NA; Oxoid), TSA (Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar (Difco), brain heart infusion agar (BHI; Bacto), Mueller Hinton agar (MHA; BBL), veal infusion agar (Difco) and Luria-Bertani agar (LBA; Oxoid). Growth at various temperatures, 4-40 C (4, 10, 15, 20, 25, 28, 30, 32, 35 , 37 and 40 C), was determined on TSA for 7 days. The pH range for growth was determined at 28 C in R2A broth adjusted to pH 4-12 (increments of 0.5 pH units) using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6-7.5), Tris buffer (for pH 8-10) [22] and 5 M NaOH (for pH 10.5-12.0). Growth in NaCl was examined in R2A broth supplemented with NaCl (0-5 %, w/v, at 1 % intervals). Hydrolysis of Tweens 80, 60 and 40 was assessed according to the method of Smibert and Krieg [23] . Anaerobic growth was tested on TSA at 28 C for 10 days using the BD GasPak EZ Gas Generating Pouch System. Hydrolysis of chitin, CM-cellulose, hypoxanthine, xanthine, tyrosine, starch and casein was evaluated as previously described [24, 25] . Production of hydrogen sulphide and indole was assessed using sulphide indole motility medium (SIM; Oxoid) [26] . A DNase assay was performed with DNase agar (Oxoid). Malachite green was used to stain endospores [27] . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were assessed using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. Differential phenotypic features of strain RS22
T compared with other reference strains are presented in Table 1 .
For fatty acid analysis, all strains were grown on TSA plates at 28 C for 3 days. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [28] . The major cellular fatty acids were summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl), iso-C 15 : 0 , iso-C 17 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 and C 16 : 0 .
The polar lipids and isoprenoid quinone were extracted according to the procedures described by Minnikin et al. [29] from freeze-dried cells. Appropriate detection reagents for two-dimensional TLC [30] were used to identify the spots; molybdophosphoric acid [phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; Sigma-Aldrich] was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Science) was used to detect phospholipids and a-naphthol-sulphuric acid was used to detect glycolipids. The predominant isoprenoid quinone was Q-8. The major polar lipids of strain RS22
T were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidyl-N-methylethanolamine and phosphatidylglycerol. In addition, three unidentified aminophospholipids (APL1-APL3), four unidentified phospholipids (PL1-PL4) and an unidentified aminolipid (AL1) were detected in moderate amounts. No glycolipids were detected (Fig. S2 ).
The DNA G+C content was determined according to the procedure described by Mesbah et al. [31] . The G+C content of strain RS22 T was 63.2 mol%, which is in line with that (61.0-69.2 mol%) of members of the genus Rhodanobacter. DNA-DNA hybridization was measured fluorometrically according to the method developed by Ezaki et al. [32] , using photobiotin-labelled DNA probes and microdilution plates. DNA-DNA hybridization between strain RS22
T and the reference strains revealed DNA-DNA relatedness values of 50.8±1.2 % with R. terrae, 39.7±2.1 % with R. denitrificans, 37.2±1.8 % with R. thiooxydans and 27.9 ±1.7 % with R. soli. DNA-DNA relatedness values thus demonstrated that strain RS22
T differs genetically from Rhodanobacter type strains at the species level [33] .
Strain RS22
T was weakly positive for a-galactosidase but this was negative for the other reference strains. Lactic acid, 3-hydroxybenzoic acid and L-proline were assimilated by strain RS22 T , but not by other reference strains. Strain RS22
T was able to tolerate up to 4 % (w/v) NaCl and to grow at pH 11.0. Glucose was fermented by strain RS22
T but not by the other reference strains (Table 1 ). The major cellular fatty acids were summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl; 25.7 %), iso-C 15 : 0 (20.7 %), iso-C 17 : 0 (13.7 %), iso-C 16 : 0 (8.4 %), anteiso-C 15 : 0 (6.0 %) and C 16 : 0 (5.3 %). The absence of minor fatty acids anteiso-C 17 : 1 !9c and iso-C 17 : 0 3-OH, the presence of minor fatty acids C 10 : 0 , C 20 : 0 , iso-C 19 : 0 and anteiso-C 11 : 0 , and the differences in percentages of major and other minor fatty acids differentiated strain RS22
T from the closely related reference strains ( Table 2 ). The predominant isoprenoid quinone was Q-8, as reported for the major respiratory quinone of all members of the genus Rhodanobacter. The major polar lipids of strain RS22
T were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidyl-N-methylethanolamine and phosphatidylglycerol, as reported as the major polar lipids of the genus Rhodanobacter. However, the presence of four unknown phospholipids, three unknown aminophopholipids, an unknown aminolipid, and their chromatogram positions differentiated strain RS22
T from its closest reference strain R. denitrificans KACC 17256 T (Fig. S2) . Based on the phenotypic, chemotaxonomic, genotypic and phylogenetic data presented here, strain RS22
T represents a novel species of the genus Rhodanobacter, for which the name Rhodanobacter humi sp. nov. is proposed.
DESCRIPTION OF RHODANOBACTER HUMI SP. NOV.
Rhodanobacter humi (hu¢mi. L. gen. n. humi of earth, soil, the source of the type strain).
Cells are rod-shaped, Gram-stain-negative, non-motile, non-spore-forming and aerobic. They grow on R2A, NA, TSA, LBA, BHI and veal infusion agar, while no growth is observed on marine agar, MacConkey agar or potato dextrose agar. Colonies on TSA are yellow-pigmented, circular, entire and convex. Cells are 1.8-2.9 µm long and 0.8-1.2 µm wide. After incubation on TSA for 4 days at 28 C, colonies are 2-3 mm in diameter. Cells grow at C (optimum, 25-30 C) and pH 4.5-11.0 (optimum pH, 6.5-9.5). Cells grow optimally in the absence of NaCl, but tolerate up to 4 % (w/v) NaCl. Catalase-and oxidase-positive. Flexirubin
Dyella koreensis BB4 T (AY884571)
Dyella marensis CS5-B2 T (AM939778)
Dyella japonica DSM 16301 T (JPLA01000093)
Dyella soli JS12-10 T (EU604272)
Dyella ginsengisoli Gsoil 3046 T (AB245367)

Frateuria terrea VA24 T (EU682683)
Frateuria aurantia DSM 6220 T (AGRV01000006)
Rhodanobacter glycinis MO64 T (EU912469)
Rhodanobacter terrae GP18-1 T (EF166076)
Rhodanobacter koreensis THG-DD7 T (KF532124)
Rhodanobacter umsongensis GR24-2 T (FJ821731)
Rhodanobacter panaciterrae LnR5-47 T (EU332829)
Rhodanobacter ginsengisoli GR17-7 T (EF166075)
Rhodanobacter spathiphylli B39 T (AJXT01000061)
Rhodanobacter thiooxydans LCS2 T (AJXW01000099)
Rhodanobacter denitrificans 2APBS1 T (FJ851443)
Rhodanobacter humi RS22 T (KX674374)
Rhodanobacter soli DCY45 T (FJ605268)
Rhodanobacter caeni MJ01 T (GQ250431)
Rhodanobacter ginsenosidimutans Gsoil 3054 T (EU332826)
Rhodanobacter fulvus Jip2 T (AJXU01000048) pigments are not produced. Hydrogen sulphide is not produced from culture in SIM medium. Negative for urease activity. Glucose is fermented. Aesculin ferric citrate is hydrolysed but gelatin is not liquefied. Indole test is negative. Casein, starch, CM-cellulose, chitin, xanthine and hypoxanthine are not hydrolysed. Tyrosine is hydrolysed. DNase assays using DNase test agar are positive. Tweens 60 and 40 are hydrolysed but Tween 80 is not. Nitrate is not 
Assimilation of (from API 20NE):
Assimilation of (from API ID 32 GN): *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 3 comprised C 16 : 1 !7c and/or C 16 : 1 !6c, while summed feature 9 comprised iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl.
